Cell therapy is a promising novel option for treatment of cardiovascular disease. Because the role of bone marrow-derived circulating progenitor cells (BM-CPCs) after cell therapy is less clear, we analyzed in this randomized, controlled study the influence of intracoronary autologous freshly isolated bone marrow cell transplantation (BMC-Tx) by using a point-of-care system on cardiac function and on the mobilization of BMCPCs in patients with ischemic heart disease (IHD). Fifty-six patients with IHD were randomized to either receive freshly isolated BMC-Tx or a control group that did not receive cell therapy. Peripheral blood concentrations of CD34=45 þ and CD133=45 þ CPCs were measured by flow cytometry pre-, immediately post-, and at 3, 6, and 12 months postprocedure in both groups. Global ejection fraction and the size of infarct area were determined by left ventriculography. We observed in patients with IHD after intracoronary transplantation of autologous freshly isolated BMCs-Tx at 3 and 12 months follow-up a significant reduction of the size of infarct area and increase of global ejection fraction as well as infarct wall movement velocity. The mobilization of CD34=45 þ and CD133=45 þ BM-CPCs significantly increased at 3, 6, and 12 months after cell therapy when compared with baseline in patients with IHD, although no significant changes were observed between pre-and immediately postintracoronary cell therapy administration. In the control group without cell therapy, there was no significant difference of CD34=45 þ and CD133=45 þ BM-CPCs mobilization between pre-and at 3, 6, and 12 months postcoronary angiography. Intracoronary transplantation of autologous freshly isolated BMCs by using a point-of-care system in patients with IHD may enhance and prolong the mobilization of CD34=45 þ and CD133=45 þ BM-CPCs in peripheral blood and this might increase the regenerative potency in IHD.
Introduction P rogenitor cells derived from bone marrow (BM) circulate in the peripheral blood (PB) and have been implicated in neoangiogenesis after tissue ischemia has occurred [1] [2] [3] . These BM-derived circulating progenitor cells (BM-CPCs) express unique surface markers, such as CD34 þ and the early hematopoietic cell marker CD133 þ (AC133 þ ) [4, 5] . In addition, BM-CPCs are capable of proliferating and differentiating into endothelial cells and are therefore ideal candidates for vascular regeneration [6] . Experiments in animals show that the systemic application or mobilization of stem cells and CPCs beneficially influences the repair of endothelial cells after injury and the progression of atherosclerosis [7] [8] [9] [10] [11] . Additionally, clinical trials indicate a beneficial effect of intracoronary infusion of BMCs or CPCs on myocardial function in patients with acute myocardial infarction (AMI) [12] [13] [14] [15] [16] . However, the role of BM-CPCs after cell therapy is less clear. It is unknown whether the mobilization of progenitor cells relates to regeneration of infarcted heart muscle after tissue ischemia. In this prospective, randomized, controlled trial, we therefore analyzed the influence of intracoronary freshly isolated cell therapy by using a point-of-care system on cardiac function and on the mobilization of the BM-CPCs in patients with ischemic heart disease (IHD). 1 
Methods

Patient characteristics
In this prospective, randomized, controlled trial, 56 patients between 18 and 80 years of age were eligible for inclusion if they had a documented myocardial infarction at least 3 months and had a clear-cut demarcated region of left ventricular dysfunction with an open infarct-related coronary artery at the time of stem cell therapy (STX). Exclusion criteria were the presence of acutely decompensated heart failure (HF) with a New York Heart Association (NYHA) class of IV, infectious or inflammatory disease, active bleeding, surgery or trauma within 2 months, renal or liver dysfunction, thrombocytopenia, or anemia, a severe comorbidity and alcohol or drug dependency, a history of other severe chronic diseases or cancer, or unwillingness to participate. The local ethics committee approved the study protocol. All IHD patients were discharged with standard medication consisting of acetylsalicylic acid and clopidogrel, an ACE inhibitor, a B-blocker, and a statin.
Study protocol
In this study, 56 patients with IHD were randomly allocated in a 2:1 ratio to either receive intracoronary autologous freshly isolated BMC-Tx or a control group without STX. All patients suffered a transmural myocardial infarction at 28 AE 14 months before STX. All of these patients were treated acutely by percutaneous transluminal coronary angioplasty plus stent implantation. We performed in all patients of both groups at 8 AE 2 months before cell transplantation a coronary angiography as well as a left ventriculography and the patients presented with open infarct-related coronary arteries. These patients were randomized to either receive intracoronary autologous freshly isolated BMC-Tx or a control group without STX. Patients included in the stem cell group underwent a BM puncture and BM aspiration on day 1 after admission. BMCs were separated. Subsequently, after coronary angiography and left ventriculography, the BMCs were freshly transplanted via intracoronary route. Patients in the control group received only coronary angiography and left ventriculography without any cell-based therapy. In both groups, all patients with angiographically relevant coronary restenosis (five patients from the STX group and two patients from the control group) were treated by percutaneous transluminal coronary angioplasty plus stent implantation and have been excluded from the study. We examined all patients in both groups after 3 and 12 months by coronary angiography and left ventriculography. The primary end point of the study was the change in global ejection fraction (EF) as well as the size of infarcted area measured by left ventriculography after 3 and 12 months. Secondary end points were the mobilization of BM-CPCs immediately preand post-and at 3, 6, as well as 12 months postprocedure. Functional status was assessed by NYHA classification and brain natriuretic peptide (BNP) level in PB in both groups.
Preparation and administrations of BMCs
A total of approximately 120 mL of BM was aspirated from the iliac crest after local anesthesia and mononuclear cells were isolated and identified including CD34
þ and CD133 þ .
The BMC concentrate suspension was isolated using a pointof-care system (Harvest BMAC System; Harvest Technologies GmbH, Munich, Germany) according to the manufacturer's instructions for use to produce 20 mL of concentrated cells. The concentrate consisted of a heterogeneous cell population including hematopoietic, mesenchymal, and other progenitor cells as well as granulocytes and platelets. After undergoing arterial puncture, all patients received 7500-10,000 U of heparin. Cell transplantation was performed via the intracoronary administration route [17] using four fractional infusions parallel to balloon inflation over 2-4 min of 3-5 mL of cell suspension. All cells were infused directly into the infarcted zone through the infarct-related artery via an angioplasty balloon catheter, which was inflated at a low pressure (4 atm) and was located within the previously stented coronary segments. This prevented back flow of cells and produced stop flow beyond the site of balloon inflation to facilitate high-pressure infiltration of cells into the infarcted zone with prolonged contact time for cellular migration. Three and 12 months after catheter-guided cell transplantation, all functional tests were repeated, including coronary angiography and left ventriculography. There were no procedural or cell-induced complications and there were no side effects in any patients.
Coronary angiography and left ventriculography
Patients in both groups underwent left heart catheterization, left ventriculography, and coronary angiography on admission as well as at 3 and 12 months after procedure. Cardiac function and infarct size were determined by left ventriculography. Cardiac function was evaluated by global EF and by auxotonic myocardial contractility index, evaluated by the wall movement velocity of the infarcted area. Global EF was measured with Quantcor software (Siemens, Erlangen, Germany). To quantify the size of infarct area, we used the centerline method according to Sheehan [18] by plotting five axes perpendicular to the long axis of the heart in the main akinetic or dyskinetic segment of ventricular wall. Systolic and diastolic lengths were then measured by two independent observers, and the mean difference was divided by systolic duration in seconds. The follow-up was 3 and 12 months after the treatment. All hemodynamic investigations were obtained by two independent observers.
Mobilization of CD34=45
þ and CD133=45 þ , and IgG1=CD45. All tubes were incubated at room temperature in the dark. After incubation, cells were lysed with ammonium chloride and washed with phosphate-buffered saline. Samples were then stored on ice at 48C in the dark for 20 min and analyzed by flow cytometry [19, 20] . Samples were subjected to a 2D side scatter-fluorescence dot plot analysis. After appropriate gating, the concentration of BM-CPCs with low cytoplasmic granularity (low sideward scatter) was quantified and expressed as concentration of cells per million white blood cells.
Safety parameters
To assess any inflammatory response and myocardial reaction after cell therapy, white blood cell count and the serum levels of C-reactive protein, creatine kinase (CK), and troponin were determined immediately before as well as after treatment. Additional analysis was done directly after transplantation and at 3, 6, and 12 months later: BNP level in PB, ECG at rest, 24-h Holter ECG, and echocardiography.
Procedural complications were defined as any ventricular arrythmia, visible thrombus formation, distal embolization, or injury of the coronary artery associated with the cell infusion catheterization procedure.
Statistical analysis
Quantitative data are presented as mean AE SD and qualitative data are tabulated using absolute frequencies and=or percentages. Differences between therapy groups for qualitative variables were tested using Fisher's exact test because of small number of patients in the therapy groups. Withindifferences of quantitative variables in each therapy group were compared using the Wilcoxon test for dependent samples, and differences between therapy groups for quantitative variables were compared with the Wilcoxon test for independent samples. Both these nonparametric Wilcoxon tests are preferred because of the more likely expected nonnormal distribution of the data. For all statistical tests, a result will be seen as statistically significant, if the corresponding two-sided P value is smaller or equal to 0.05. If the mean and the median did not differ markedly for a variable, the graphical presentation of the data was done using the mean and SD of this variable. Statistical analysis was performed with SPSS for Windows (Version 15.0).
Results
Baseline characteristics of the patients
We randomized 56 patients with IHD (2:1) in the study. Of them, 38 patients in first group received freshly isolated BMC-Tx into the infarct-related coronary artery, whereas 18 patients in the second group received no intracoronary BMC-Tx. There were no significant differences between the baseline characteristics and demographics of patients in both groups (Table 1) . Quantitative data are presented as mean AE SD. IHD, ischemic heart disease; BMC-Tx, bone marrow cell transplantation; CAD, coronary artery disease; PTCA, percutaneous transluminal coronary angioplasty; CK, creatine kinase; LAD, left anterior descending coronary artery; LCX, left circumflex artery; RCA, right coronary artery; NS, not significant.
Effect of BMCs-Tx
The mobilization of BM-CPCs. The mobilization of BMCPCs was analyzed in the first group immediately pre-and post-and at 3, 6, and 12 months postintracoronary cell transplantation as well as in the second group without cell therapy pre-, immediately post-, and at 3, 6, and 12 months postcardiac catheterization. There was a significant increase of CD34=45 þ mobilization at 3, 6, and 12 months after intracoronary cell transplantation compared with the control group, whereas there were no significant changes between immediately pre-and postintervention within both groups (Fig. 1A) . The mobilization of CD133=45 þ showed the same pattern at 3, 6, and 12 months after intervention with a significant increase in the cell therapy group compared with the control group without cell transplantation (Fig. 1B ). In contrast to intracoronary cell therapy group with a significant increase of CD34=45 þ and CD133=45 þ mobilization between baseline and after 3, 6, and 12 months follow-up, there was no difference in the control group between baseline and after 3, 6, and 12 months follow-up (Table 2) .
Left ventricular function, infarct size, and infarct wall movement velocity. Patients in both groups underwent left heart catheterization, left ventriculography, and coronary angiography on admission as well as at 3 and 12 months after procedure. Global EF, left ventricular end-diastolic volume
FIG. 1. (A, B)
The mobilization of BM-CPCs was analyzed immediately pre-and post-and at 3, 6, and 12 months postprocedure in both groups. CD34=45 þ and CD133=45 þ BM-CPC mobilization significantly increased at 3, 6, and 12 months after BMCs-Tx compared with baseline, whereas no significant differences were observed between immediately preand postprocedure in both groups. There were no significant changes in the mobilization of BM-CPCs at 3, 6, and 12 months after coronary angiography compared with baseline in the control group without cell therapy. Moreover, there were significant differences of BM-CPC mobilization at 3, 6, and 12 months after procedure between both groups. BM-CPCs, bone marrow-derived circulating progenitor cells; BMC-Tx, bone marrow cell transplantation; WBCs, white blood cells. Color images available online at www.liebertonline.com=scd 1494 TURAN ET AL.
(LVEDV), left ventricular end-systolic volume (LVESV), stroke volume index (SVI), infarct size, and the wall movement velocity of the infarcted area were measured by left ventriculography in the first group immediately pre-and at 3 and 12 months post-BMC-Tx as well as in the second group without BMC-Tx pre-and at 3 and 12 months postcardiac catheterization. There were no significant baseline differences in global EF, infarct size, and infarct wall movement velocity between the two groups (Tables 2 and 3 and Fig. 2A-C) . At 3 and 12 months after cell therapy, we observed a significant increase of global EF and infarct wall movement velocity, whereas there was no significant difference in the control group. Further, we found a significant decrease of the size of infarct area after 3 and 12 months. Moreover, we found a significant increase of SVI and decrease of LVESV, whereas no significant change was observed in LVEDV at 3 and 12 months after cell therapy (Table 3 ). In the control group, there were no significant changes in global EF, LVEDV, LVESV, SVI, infarct size, and the wall movement velocity of the infarcted area at 3 and 12 months after coronary angiography (Table 2) . Moreover, we observed that the global EF and the wall movement velocity of the infracted area significantly increased at 3 and 12 months after cell therapy compared with the control group. The size of infarct area was significantly decreased at 3 and 12 months after BMCs-Tx when compared with the control group without cell therapy ( Fig. 2A-C) . Functional status and clinical safety parameters. To determine the functional status, we assessed NYHA classification in both groups by two independent and blinded physicians. We observed a significant improvement in NYHA classification at 3, 6, and 12 months after intracoronary cell therapy, whereas there was no significant difference in the control group at 3, 6, and 12 months after coronary angiography. Further, we found a significant decrease of BNP level in PB at 3, 6, and 12 months after BMC-Tx, whereas no significant difference was observed in the control group at 3, 6, and 12 months after coronary angiography (Tables 2 and 3 ). There were no significant differences of baseline NYHA classification and BNP levels between both groups. The NYHA classification and BNP levels significantly decreased at 3, 6, and 12 months after cell therapy compared with the control group (Fig. 3A, B) . ECG at rest and on exercise and 24-h Holter ECG revealed no rhythm disturbances at any time point. There was no inflammatory response or myocardial reaction (white blood cell count, C-reactive protein, CK, troponin) after cell therapy. No immediate pre-as well as postprocedure adverse complications, no new electrocardiographic changes or significant elevations in CK or troponin, as well as no inflammatory response were observed in patients with BMC-Tx.
Discussion
In this study, we examined the influence of autologous intracoronary freshly isolated BMC-Tx on the mobilization of BM-CPCs and left ventricular function in patients with IHD after 3, 6, and 12 months.
Cardiac ischemia leading to postinfarction HF, particularly in patients with large myocardial infarction, is associated with a high mortality and morbidity. The use of stem cell-based therapy is becoming increasingly recognized as having the potential to salvage damaged myocardium and to promote endogenous repair of cardiac tissue, thus having the potential for the treatment of HF. Experimental data show that infusion or injection of stem=progenitor cells derived from various sources may enhance blood flow and neovascularization and may improve heart function after myocardial infarction [21, 22] . Pilot and randomized clinical trials suggested that the intracoronary infusion of autologous BMCs is safe and feasible as well as beneficially affects postinfarction remodeling or perfusion in patients with AMI [12] [13] [14] [15] [16] . Likewise, it was reported that intracoronary infusion of BMCs in patients with IHD improves the function of myocardium [23, 24] . Our findings showed that the infarct size reduced, whereas the global EF and regional infarct wall movement velocity increased at 3 and 12 months after freshly isolated intracoronary cell therapy in patients with IHD, similar to the data of Strauer et al. [23] and Assmus et al. [24] . Additionally, we found improvement of the functional status (NYHA classification) and BNP level at 3, 6, and 12 months after cell therapy. Cell isolation procedures are crucial for the functional activity of the administered cellular product. In our trial, we chose to use a point-of-care system for the preparation of the treating cell composition. We demonstrated the same results for the first time with intracoronary freshly isolated BMC-Tx by using a point-of-care system with Harvest BMAC system for the preparation of the treating cell composition, not Ficoll gradient separation as in other studies. Many previously conducted trials employed Ficoll
FIG. 2. (A-C)
Global EF, infarct size, and the wall movement velocity of the infarcted area were measured by left ventriculography immediately pre-and at 3 and 12 months postprocedure in both groups. There were no significant baseline differences in global EF, infarct size, and infarct wall movement velocity between the two groups. Global EF and infarct wall movement velocity significantly increased at 3 and 12 months after cell therapy when compared with the control group. Further, there was a significant decrease of infarct size at 3 and 12 months after cell transplantation when compared with the control group. No significant changes were observed in global EF, infarct size, and infarct wall movement velocity at 3 and 12 months after coronary angiography compared with baseline in the control group without cell therapy. Further, there were significant changes in global EF, infarct size, and infarct wall movement velocity at 3 and 12 months after procedure between both groups. EF, ejection fraction. Color images available online at www.liebertonline.com=scd gradient separation as the method of cell collection, which produces a very limited cell linage spectrum. The cellular composition of the concentrate, which was prepared using a point-of-care system, differs from that prepared using the Ficoll method. The Ficoll composition contains predominantly mononuclear cells (lymphocytes, erythroblasts, and monocytes) and very few granulocytes. The point-of-care system concentrates contain nucleated cell population with mononuclear cells and specific stem cell population (CD34þ and CD133þ) as well as the platelets from the marrow aspirate (Table 4) . Importantly, however, the point-of-care device provided advantage of significantly higher yield of isolated BMCs compared with the Ficoll protocol. Thus, if the number of infused cells in in vivo neovascularization model was adjusted for this higher yield of BMCs, the treatment effect was significantly greater compared with Ficoll BMCs, as assessed by limb perfusion measurement [25] . One obvious difference in the two compositions is the presence of significant numbers of granulocytes and platelets in the pointof-care system concentrate composition. Platelets and granulocytes have been shown to have a positive effect on the neovascular potential of the resulting concentrate. The presence of platelets could be important because it has been shown that these platelet-derived mediators also potently enhance postnatal angiogenesis. Iba and colleagues demonstrated that implantation of mononuclear cells together with platelets into ischemic limbs more effectively augments collateral vessel formation by supplying various angiogenic factors, in which vascular endothelial growth factor (VEGF) played a key role [26] . Indeed, Massberg and colleagues provided compelling evidence that platelets generate the critical signal that recruits CD34þ BMCs and c-Kitþ Sca-1þ LinÀ BM-derived progenitor cells to sites of injury [27] . Therefore, these findings strongly support the notion that implanted platelets play a pivotal role in stem and progenitor recruitment and provide a rationale for the fact that the point-of-care system produced functional in vivo results similar to or better than Ficoll. In our study, despite higher number of platelets, we observed no immediate pre-as well as postprocedure adverse complications. In addition, unlike Ficoll isolation, where cells are resuspended in a serum-free medium, the point-of-care system is always resuspended in the patient's own plasma. Thus, the isolated cells are not removed from their natural plasma microenvironment, which may help to sustain the functionality of the cells. This has been further supported by an experimental study of Hermann et al., who showed the point-of-care system composition to be significantly more bioactive than the Ficoll composition. Intriguingly, however, because of the greater yield of cells generated using a point-of-care system, the cellular product isolated from a given BM aspirate by using a point-of-care device may actually translate into even greater therapeutic effects. Additionally, practical aspects may also deserve consideration. Importantly, a major limitation of the Ficoll isolation procedure for clinical applications is that it is strongly investigator dependant, is immensely time consuming, and requires a good manufacturing practice facility. In this study, we were able to demonstrate that such complex methods are not necessary to achieve established results. As the concentration process uses a point-of-care system, everything can be accomplished in one session without adding excessive time to the overall procedure circumventing the previously mentioned disadvantages of the Ficoll isolation process. The point-of-care device provides a much shorter turnaround time. Therefore, this device represents a cost-effective and time-efficient stand-alone technique 
FIG. 3. (A, B)
To determine the functional status of patients, NYHA classification and BNP levels were measured at 3, 6, and 12 months after procedure in both groups. There were no significant differences of baseline NYHA classification and BNP level in both groups. At 3, 6, and 12 months after cell therapy, there was a significant decrease of NYHA classification and BNP level compared with baseline. In the control group without cell therapy, there were no significant changes in NYHA classification and BNP level at 3, 6, and 12 months after coronary angiography compared with baseline. Moreover, significant differences in NYHA classification and BNP level were observed at 3, 6, and 12 months after procedure between both groups. NYHA, New York Heart Association; BNP, brain natriuretic peptide. Color images available online at www.liebertonline.com=scd for the isolation of autologous BMCs suitable for cell therapy regimens in the rapidly growing field of regenerative medicine. Several hypotheses have been proposed about how intracoronary cell therapy improves myocardial function. Experimental studies addressing the capacity of transplanted BM-derived stem cells to differentiate into the cardiomyogenic lineage yielded conflicting results [28, 29] . Recent well-conducted studies suggest that the BMCs do not transdifferentiate into cardiomyocytes but adopt mature hematopoietic characteristics [30] . In contrast to embryonic stem cells, most adult stem or progenitor cells do not spontaneously differentiate into cardiomyocytes but rather require an adequate stimulus to do so. Another proposed mechanism is that cell therapy may increase angiogenesis and improve blood supply to ischemic regions, potentially aiding in the revascularization of hibernating myocardium and preventing cardiomyocyte apoptosis. Additionally or alternatively, the local microenvironment plays an important role to induce cell fate changes by physical cell-to-cell interaction or by providing paracrine factors promoting tissue repair [31, 32] .
Cell-based therapy is a promising option for treatment of ischemic disease. However, cell therapy is in its early stages, and various questions remain. For example, the mechanisms of action by which cells exhibit beneficial effects [33] . BMCs are best characterized and have been used in the majority of clinical trials performed to date. BMCs contain a complex assortment of progenitor cells, including hematopoietic stem cells, mesenchymal stem cells, or stromal cells and multipotential adult progenitor cells. BMCPCs are another population of progenitor cells that has also been shown to have therapeutic potential. These cells were characterized by the expression of at least two hematopoietic stem cell markers (CD133 þ or CD34 þ ) [34] . Tissue ischemia was found to mobilize BM-CPCs into the PB and contribute to neovascularization in an animal model [35] . In humans, it was demonstrated that the mobilization of CD34=45 þ and CD133=45 þ BM-CPCs significantly increased with a peak on day 7 and decreased on day 8 following myocardial infarction. On the basis of these findings, it is plausible to correlate this spontaneous mobilization of CD34=45 þ and CD133=45 þ BM-CPCs response to myocardial repair after AMI. Moreover, this response is mostly inadequate because of reduced mobilization of BMCPCs by increased cardiovascular risk factors in patients with large myocardial infarction [36] . An important point in our results is the significant increase of CD34=45 þ and CD133=45 þ BM-CPCs mobilization in the PB at 3, 6, and 12 months after intracoronary cell transplantation, with no significant change in the control group. The presence of immature circulating cells in the PB has been advocated as a marker of an organism's regenerative capacity [37] . The potential to form collateral vessels in ischemic tissue is increased with a combination of both platelets and mononuclear cells when compared with only mononuclear cells. This effect has been attributed to the increased presence of ''angiogenic factors (mainly VEGF) and cytokines'' [26] . In fact, Massberg et al. [27] offer strong evidence that platelets play an important role in recruiting CD34
þ BM-derived progenitor cells to sites of injury. Specific inhibition of platelet adhesion essentially abrogated the accumulation of CD34 þ and c-Kit þ Sca-1 þ Lin À BM progenitor cells into the site of injury. Walter et al. [38] have shown that activated platelets secrete the potent chemokine SDF-1, thereby supporting further primary adhesion and migration of circulating stem and progenitor cells. This has been further supported by Stellos and Gawaz, who concluded ''platelet interaction with progenitor cells seems to play a decisive role in vascular and tissue regeneration'' [39] . The point-ofcare system concentrates, which was used in our study, also contain this important combination-both platelets and mononuclear cell populations. In our study, we showed that the intracoronary BMC-Tx in IHD patients may enhance and prolong the mobilization of BM-CPCs. Experimental and clinical studies suggest that there is an evolving role for CPCs in neoangiogenesis and rejuvenation of the endothelial monolayer [1, 7, 10] . Indeed, the mobilization of BM-CPCs is inversely correlated with endothelial function [40] , which explains that the BM-CPCs may play an important role in endogenous repair mechanisms of the injured endothelial monolayer and thereby reduce atherosclerotic lesion formation [41] . The occurrence of a first major cardiovascular event (AMI, hospitalization, revascularization, or death from cardiovascular causes) was associated with reduced BM-CPC levels in patients with coronary artery disease [42] . Moreover, intracoronary administration of BMCs is associated with a significant reduction of major adverse cardiovascular events after AMI [43] . Previous studies demonstrate that patients with HF show endothelial dysfunction, and in HF, nitric oxide production is diminished, whereas rate of endothelial apoptosis is increased [44, 45] . The impaired neovascularization in mice lacking expression of endotheliale sticksoffmonoxid-synthase (eNOS) is related to a defect in progenitor cell mobilization from BM. The enhanced expression of endotheliale stickstoffmonoxid-synthase (eNOS) and vascular endothelial growth factor (VEGF) might improve the mobilization of BM-CPCs into the PB and enhance the process of vasculogenesis [46, 47] . Moreover, the transient increase in BM-CPCs after regular symptom-limited (ischemic and=or subischemic) exercise training reached a maximum after the regular exercise training for 3 weeks, but did not persist up until 3 months after the regular training [48] . Laufs and colleagues described a significant increase in BM-CPCs after a 4-week, noncontrolled rehabilitation training program in patients with stable coronary artery disease without exercise-induced ischemia [49] . In that trial, it was speculated that asymptomatic tissue ischemia leads to an increase in vasculogenic cytokines, in the same way as symptomatic tissue ischemia does. The improved perfusion capacity, which was demonstrated in the TOPECARE-and REPAIR-AMI trial in patients after cell therapy, increases epicardial artery shear stress and stimulates the endothelium to release NO, which may enhance the mobilization of BM-CPCs and exerts antiatherosclerotic functions [50] [51] [52] .
On the basis of our findings, mechanistically, that transplantation of freshly isolated BMCs via inflated angioplasty balloon catheter, which increases epicardial artery shear stress and stimulates paracrine factors as well as the endothelium to release NO, with an additional effect of platelets by interaction with cytokines=VEGF may enhance the mobilization of BM-CPCs in the PB. Enhanced NO production by improved perfusion capacity as well as enhanced mobilization of BM-CPCs may improve cardiac contractile function and reduce infarct size after cell therapy. Finally, increase in BM-CPCs by enhanced NO production in the PB may improve neoangiogenesis as well as rejuvenation of the injured endothelial monolayer and thereby reduce atherosclerotic lesion formation. Therefore, patients receiving STX may tend to adopt a healthier behavior in everyday life. This may lead to improved clinical outcome after intracoronary cell therapy in patients with IHD.
In the present study, we could demonstrate that intracoronary transplantation of autologous freshly isolated BMCs improved global EF and reduced infarct size significantly in patients with IHD after 3 and 12 months. Moreover, we observed a significant mobilization of BM-CPCs even at 3, 6, and 12 months after cell transplantation. This interesting observation could be implemented in future large-scale randomized studies, where the BM-CPC mobilization after transplantation may serve as a predictor for identifying IHD patients with greater benefit after cell therapy.
